Impaired bidirectional NMDA receptor dependent synaptic plasticity in the dentate gyrus of adult female Fmr1 heterozygous knockout mice.
Fragile-X syndrome (FXS) is caused by the transcriptional repression of the Fmr1 gene resulting in loss of the Fragile-X mental retardation protein (FMRP). This leads to cognitive impairment in both male and female patients, however few studies have focused on the impact of FXS in females. Significant cognitive impairment has been reported in approximately 35% of women who exhibit a heterozygous Fmr1 gene mutation, however to date there is a paucity of information regarding the mechanistic underpinnings of these deficits. We, and others, have recently reported that there is significant impairment in N-methyl-d-aspartate receptor (NMDAR)-dependent long-term potentiation (LTP) and long-term depression (LTD) in the hippocampal dentate gyrus (DG) of male Fmr1 knock out mice. Here we examined if female mice displaying a heterozygous loss of the Fmr1 gene (Fmr1+/-) would exhibit similar impairments in DG-dependent spatial memory processing and NMDAR hypofunction. We found that Female Fmr1+/- mice did not show impaired metabotropic glutamate receptor (mGluR)-LTD in the CA1 region, and could perform well on a temporal ordering task that is thought to involve this brain region. In contrast, female Fmr1+/- mice showed impairments in a pattern separation task thought to involve the DG, and also displayed a significant impairment in both NMDAR-dependent LTD and LTP in this region. The LTP impairment could be rescued by administering the NMDAR co-agonist, glycine. Our data suggests that NMDAR hypofunction in the DG may partly contribute to learning and memory impairment in female Fmr1+/- mice. Targeting NMDAR-dependent mechanisms may offer hope as a new therapeutic approach for treating female FXS patients with learning and memory impairments.